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Only a l imited amount of information exists in the l i t e ra ture  on imidazolines,  benzimidazoles and 
other  azoles that contain adamantyl radica ls .  In the present  paper  we descr ibe  the preparat ion of a number  
of he te rocycl ic  compounds based on 1-adamantanecarboni t r i le  (I). 

Despite the fact that ni t r i les  of the adamantane se r ies  are  known, the s implest  nitr i le (I) was not de- 
scr ibed pr io r  to our work. Compound (I) was obtained from 1-adamantaneearboxamide,  which was syn- 
thesized as descr ibed in [1-3]. When refluxed with SOC12 in benzene the amide is converted almost  quan- 
t i tatively to (I). The hydrochlor ides  of the imino es te rs  of 1-adamantanecarboxyl ic  acid, (II) and (III), 
were obtained by the Pinner  reaction,  by the react ion of (I) with either methanol or  ethanol in the presence  
of dry  HC1 

NH. HC1 

AdC~---N + R0H -{- HCI --, AdC j 
\ 

0) OR 
R = CHa (I1), C2Hs 0 I I )  

Ad is the adamantyl radical  here  and subsequently.  

It should be mentioned that the format ion of (II) and (III) proceeds with much more  difficulty than 
when ordinary  aliphatic ni trf les are  used, f rom which the hydrochlor ides  of the imino es te rs  are  usually 
formed immediately  af ter  the mixture  of ni tr i le  and alcohol is sa turated with HC1, or else within severa l  
hours .  In the case of (II) and (III) this requi res  4-5 days. 

As is known, the stabili ty of the hydrochlor ides  of the imino es ters  depends on the charac te r  of the 
substituent attached to the C(=NH. HCt)OR grouping. If this substituent has an e lec t ron-accep te r  charac ter ,  
then the hydrochlor ides  of the imino es te rs  a re  unstable [4, 5]. Substituents that are  electron donors in- 
c r ea se  the stabili ty of the imino es te r  hydrochlor ides .  The adamantyl radical  is a s t rong electron donor 
and, a s  a consequence of this, hydrochlor ides  (II) and (III) a re  stable crysta l l ine  compounds that, in the 
absence of mois ture ,  can be s tored for a long t ime under ordinary conditions without manifest ing any signs 
of decomposit ion.  

The s t ruc tu re  of (II) and (III) was confirmed by the elemental  analysis  data, and also by the react ions 
that a re  charac te r i s t i c  for the hydrochlor ides  of imino es te r s :  the Pinner rea r rangement ,  hydrolysis ,  
and convers ion to the f ree  imino es te r .  

The Pinner  r ea r r angemen t  -- the convers ion of RC(=NH. HC1)OR' to RCONH 2 and R'C1 when heated 
-- is an SN2 p rocess  that is s t rongly dependent on s te r ic  hindrance.  The adamantyl radical  c rea tes  much 
s te r ie  hindrance for the Pinner  r ea r rangement .  In addition, this p rocess  is hindered by the e lect ron-  
donor cha rac t e r  of the adamantyl radical .  For this r eason  (II) decomposes  with fair ly high speed only at 
t empe ra tu r e s  > 170~ 
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The hydro lys i s  of (II) and (III) p roceeds  at r oom t e m p e r a t u r e  and leads to the 1 -adamantanecarboxyl ic  
acid e s t e r s  (V) and (VI). The t r e a t m e n t  of a suspens ion  of (II) in e ther  with an equivalent amount of Et3N 
at 0-5 ~ gives the methyl  imino e s t e r  of 1 -adamantaneca rboxy l i c  acid (VII). 

o o NH 

AdC// AdC// AdC// 
\ \ \ 

NH2 OR OCHa 
(IV) R=CHa (V), C~H5 (VI) (Vii) 

" I I H'~ I ~t'N 

I 
II2C--N NH .HCI N 

I I - ( h (  
t=IC_N / NOR \ / / \ N  / 

H H 
(VIII) R-----CHa (II), C~H5 (Ill) (IX) 

o-HOC.H4NH~[ ~2N CH2CH20H 

l 
N H2C--N 

0 H~C--O 
(x) (Xl) 

When the IR s p e c t r u m  of (VII) is  examined the attention is a t t r ac ted  to the not iceable  shift  of the 
band that  is c h a r a c t e r i s t i c  for  the s t re tch ing  v ibra t ions  of the C = N bond. If for  the methyl  imino e s t e r s  
of carboxyl ic  acids the absorp t ion  bands for  the C = N bond l ie  in the 1655-1660 cm -1 region,  then in the 
IR s p e c t r u m  of (VII) this band is  shifted to 1640 em -1. In o rde r  to identify it, (VII) was conver ted  to the 
s ta r t ing  (II) by t r e a t m e n t  with dry  HC1 in e ther .  

The condensat ion of (II) with e thylenediamine was accompl ished  in  absolute  methanol ,  as  a resu l t  of 
which 2- ( l ' - adaman ty l ) imidazo l ine  (VIII) was obtained in 92% yield.  In a s i m i l a r  manner ,  2- ( l ' - a d a m a n t y l ) -  
benz imidazole  (IX) was obtained in 71% yield f rom a mix tu r e  of equivalent amounts  of (II) and o-phenylene-  
d iamine .  The reac t ion  of (II) with o-aminophenol  gave 2 - ( l ' - adaman ty l )benzoxazo l e  (X) in 76% yield.  The 
long heating of (VII) with e thanolamine at 180 ~ until the NH3 evolution ceased,  gave 2 - ( l ' - a d a m a n t y l ) o x a  - 
zoline (XI) in 93% yield .  

It s e emed  in te res t ing  to effect  the t r i m e r i z a t i o n  of (VH) to the t r i az ine .  A product  that was identical  
with (I) was i so la ted  a f te r  the f r ee  imino e s t e r  (VII) was heated  with 5% of (II) at 180 ~ for  8 h. Absorpt ion 
bands in the 1555 cm -1 region,  c h a r a c t e r i s t i c  for  the t r i a z ine  r ing,  were  absent  in the IR spec t rum of the 
obtained product ,  and ins tead an absorp t ion  band was obse rved  at 2225 cm -1, which co r re sponds  to the 
v ibra t ions  of the - -C - N group.  

The inabil i ty of (VII) to undergo eyc lo t r imer i za t i on  to the t r i a z ine  can be explained, on the one hand, 
by the effect  of the e l ec t ron-donor  adamantyl  rad ica l ,  and on the o ther  hand, by the s t e r i c  h indrance  
c r ea t ed  by the adamantyl  rad ica l .  

EXPERIMENTAL METHOD 

The IR spectra were taken on a UR-10 instrument. 

l-Bromoadamantane was obtained as described in [I], mp 113-115 ~ l-Adamantanecarboxylie acid 

was obtained as described in [2], mp 181 ~ The acid chloride of 1-adamantanecarboxylic acid was obtained 

as described in [2]. It was not purified for the further transformations, l-Adamantanecarboxamide was 
obtained as described in [3], mp 188-189 ~ 

l-Adamantaneearbonitrile (1). A mixture of 1.79 g of l-adamantaneearboxamide, 3.57 g of SOCI 2 , 

and 5 ml of absolute benzene was refluxed for i0 h, cooled to ~20 ~ poured over 25 g of ice, and then 50% 

aqueous NaOH solution was added until weakly alkaline. The mixture was extracted with ether, the ether 
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solution was washed with water,  dr ied over Na2SO4, and the  solvent was removed in vacuo. We obtained 
1.56 g (97%) of (I), mp 191-192 ~ (from aqueous methanol). Found: C 82.42; H 9.54; N 9.09%. CllH15N. 
Calculated: C 81.98; H 9.28; N 8.74%. Infrared spec t rum (v, cm-l ) :  2225 (C ~- N). 

Hydrochloride of Methyl Imino Es ter  of 1-Adamantanecarboxylic  Acid (II). A s t ream of dry HC1 
was passed  through a solution of 1.61 g of (I) and 0.32 g of absolute methanol in 40 ml of absolute ether at 
0-5 ~ for 1.5-2 h, af ter  which the mixture  was allowed to stand for a day at ~20 ~ and then for three  days at 
0 ~ The obtained crys ta l l ine  precipi ta te  was fil tered, washed with absolute ether, and dried in a vacuum- 
des icca tor  over NaOH. We obtained 1.7 g (75.3%) of (II), mp 182-183 ~ (from a CH3COOH-ether mixture).  
Found: C1 15.55%. Ct2H20NOC1. Calculated: C1 15.47%. 

Hydrochloride of Ethyl Imino Es ter  of 1-Adamantanecarboxyl ic  Acid (III). A s t ream of dry  HC1 was 
passed  through a solution of 0.8 g of (I) and 0.22 g of absolute ethanol in 10 ml of absolute ether at 0-5 ~ for 
1 h. The mixture  was allowed to stand for a day at ~20% and for three  days at 0 ~ The ether and excess 
HC1 were removed in vacuo. The obtained crys ta l l ine  precipi ta te  was fil tered, washed with absolute ether, 
and dried in a vacuum-des icca to r  over  NaOH. We obtained 0.8 g (66%) of (liD, mp 174-175 ~ Found: C1 
15.24%. C13H22NOC1. Calculated: C1 14.98%. 

Thermal  Decomposit ion of Hydrochlor ide of Methyl Imino Ester  of 1-Adamantanecarboxylic  Acid. 
One g ram of (II) was heated at 180-190 ~ until the CH3t31 evolution ceased,  after  which it was kept at this 
t empera tu re  for an additional 15 min. The react ion mass  was extracted with absolute benzene, and the 
solvent was removed in vaeuo. We obtained 0.7 g (89%) of 1-adamantanecarboxamide (IV), mp 188-189 ~ 
(from cyclohexane); cf. [3]. 

Saponification of Hydroehloride of Methyl Imino Es te r  of 1-Adamantanecarboxylic  Acid. To a suspen- 
sion of 0.23 g of (II) in 20 ml of ether was added 30 ml of water, and the mixture was stirred vigorously 

for 8 h at N20 ~ The ether layer was separated, and the aqueous layer was extracted with ether. The 

ether layer and ether extracts were combined, dried over MgSO4, and the solvent was vacuum-distilled. 

We obtained 0.16 g (85%) of the methyl ester of l-adamantanecarboxylie acid (V), mp 36 ~ (from hexane); 

cf. [6]. 

Saponification of Hydrochloride of Ethyl Imino Es ter  of 1-Adamantanecarboxylic  Acid. To a suspen- 
sion of 0.17 g of (III) in 20 ml of ether was added 6 ml of water, after which the mixture was stirred vig- 

orously for 29 h at ~20 ~ worked up as described for (V), and the product was distilled. We obtained 0.I 

g (66%) of the ethyl es te r  of 1-adamantaneearboxyl ic  acid (VI), bp 112 ~ (5 ram); cf. [1]. 

Methyl Imino Es ter  of 1-Adamantanecarboxyl ic  Acid (VII). With s t i r r ing,  to a suspension of 6.87 g 
of (II) in 60 ml of absolute ether was gradual ly added at 0-5 ~ a so lu t ion  of 3.04 g of Et~N in 20 ml of abso- 
lute ether.  The react ion mixture  was s t i r r ed  for 2 h at 5 ~ and the precipi ta te  was f i l tered and washed 
with absolute ether.  After  removal  of the solvent the res idue was fract ionally distilled. We obtained 4.22 
g (71.3%) of (VII), bp 115-116 ~ (5 ram); nD 2~ 1.5108; d42~ 1.3968. Found: C 74.49; H 9.74; N 7.52%. 
CI2HlgON. Calculated: C 74.57; H 9.82; N 7.24%. Infrared spec t rum (v, cm-1); 1640 (C = N), 3350 
(NH). 

2- (l ' -Adamantyl) imidazol ine (VIII). With s t i r r ing,  2.29 g of (II) was added at 0 ~ to a solution of 0.6 
g of ethylenediamine in 25 ml of absolute methanol.  After s t i r r ing  at this t empera tu re  for 1 h the react ion 
mixture  was refluxed for 2 h, cooled to 0 ~ and a solution of 0.23 g of Na in 10 ml of absolute methanol 
was added gradual ly at 0% The obtained precipi ta te  was fil tered, and the fi l trate was evaporated to d ry -  
ness .  We obtained 1.88 g (92%) of (VIII), mp 165-166 ~ (from alcohol). Found: C 76.47; H 9.78; N 13.87%. 
C13H20N 2. Calculated: C 76.42; H 9.86; N 13.72%. Picra te ,  mp 172-173 ~ (from aqueous methanol). In- 
f r a red  spec t rum (u, cm-1): '1290 (C--N), 1630 (C = N), 1450 (CH2, " sc i s so r s "  vibrations in imidazoline 
ring). 

2 - ( l ' -Adamanty t )benz imidazole  (IX). A mixture  of 1.15 g of (II) and 0.54 g of o-phenylenediamine in 
30 ml of absolute methanol w a s  refluxed for 1 h, cooled, and poured with s t i r r ing  into cold water  that con- 
tained an equivalent amount of NaHCO 3. The obtained precipi ta te  was fil tered, washed with water,  and 
dried in a vacuum-des icca to r  over NaOH. We obtained 0.9 g (71.5%) of (IX), m p >  300 ~ (from aqueous 
methanol).  P icra te ,  mp 253-254 ~ (from methanol); cf. [7]. Inf rared  spec t rum (u, cm-1): 1650 (C = N), 
1280 (C--N), 1410 (C = C), 750 (out-of-plane deformation vibrations of C--H in 1,2-disubstituted benzene 
derivat ives) .  

2- (l ' -Adamantyl)benzoxazole (X). A mixture  of 1.15 g of (II) and 0.55 g of o-aminophenol in 30 ml 
of absolute methanol was refluxed for 1 h, cooled, and poured into cold water  that contained an equivalent 
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amount of Na2CO 3. The obtained precipitate was filtered, washed with water, and dried in a vacuum-desic- 
cator. We obtained 0.96 g (76%) of (X), mp 133 ~ (from aqueous alcohol). Found C 80.92; H 7.61; N 
5.38%. CITHI~NO. Calculated: C 80.39; H 7,85; N 5.52%. Infrared spectrum (v, cm-1): 1250 (C--OmC), 
750 (out-of-plane deformation vibrations of C--H in 1,2-disubstituted benzene derivatives). 

2-(l'-Adamantyl)oxazoline (XI). A mixture of 0.5 g of (VII) and 0.15 g of ethanolamine was heated 
at 180 ~ for 16 h until the NH 3 evolution ceased. The obtained product was dissolved in methanol, refiuxed 
with active carbon for 1.5 h, filtered, and the filtrate was evaporated in vacuo. The residue was purified 
twice by passage through a column filled with Al203 (II activity). We obtained 0.48 g (93%) of (XI) as a 
light brown waxy mass. Picrate, mp 217-218 ~ (from alcohol); ef. [7]. Infrared spectrum (~, cm-1): 
1645 (C = N), 1275 (C--O-C). 

CONCLUSIONS 

I. l-Adamantanecarbonitrile reacts with alcohols and hydrogen chloride with greater difficulty than 
do aliphatic nitriles to give the hydrochlorides of the imino esters of l-adamantaneearboxylic acid, which 
are more stable than the corresponding compounds of the aliphatie series. 

2. The hydroehloride of the methyl imino ester of 1-adamantaneearboxylic acid condenses with 
ethylenediamine, o-phenylenediamine and o-aminophenol in the usual manner to give the corresponding 
heteroeyelic compounds. 

3. The methyl imino ester of l-adamantanecarboxylic acid when heated with ethanolamine gives the 
corresponding oxazoline. The hydrochloride of the methyl irnino ester of l-adamantanecarboxylic acid 
does not give the s-triazine when heated, and instead gives l-adm~antanecarbonftrile. 

2. 
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4. 
5. 

6. 
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